
EP 0 450 596 B1 Description This invention relates to a process for
producing an unsaturated aldehyde and an unsaturated acid. More
specifically, this invention relates to a process for producing an
unsaturated aldehyde and an unsaturated acid, s   i.e. acrolein and acrylic
acid or methacrolein or methacrylic acid by catalytically oxidizing
propylene or at least one compound selected from isobutylene, tert.-butyl
alcohol and methyl-tert -butyl ether with molecular oxy- gen or a molecular
oxygen-containing gas in a gaseous phase using a fixed bed multipipe
reactor. Agreat many composite oxide catalysts containing molybdenum,
bismuth and iron have been already pro- posed for catalytically oxiding
[err] olefins In a gaseous phase to produce corresponding unsaturated alde-
10  hydes and unsaturated acids, and some of them have been used
industrially. Typical examples are described in Japanese Patent Publication
Nos. 42241/1972, 42242/1972, 22490/1972, 45256/1980, 61011/1982, 23370/1983
and 49535/1983, and Japanese Laid-open Patent Application Nos. 7348811978
and 31727/1984. Nevertheless, industrial production of unsaturated
aldehydes or unsaturated aldehydes and unsaturated acids using these
catalysts give rise to various problems. 15       One problem is generation
of an abnormal local high-temperature portion (hot spot) in a catalyst
layer. For instance, it is Industrially demanded to increase productivity
of a final product; to meet this demand, gen- erally, a concentration of a
starting olef in is increased or a space velocity is raised. However, under
such high load reaction conditions, a hot spot occurs in a catalyst layer
because the catalytic reaction in the gaseous phase is an exothermic
reaction, with the result that a hot spot occurs in the catalyst layer and
an excessive 20  oxidation reaction occurs. On this occasion, the catalyst
is degraded in the hot spot by the excessive heatgen- eration, and in the
worst case, a violent reaction is invited. In order to suppress occurrence
of the hot spot or accumulation of heat in the hot spot productivity has to
be kept low or a reaction pipe is made to have a small diameter. These
measures are however not said to be commercially advantageous. 25
There are provided a process in which a catalyst in a hot spot is diluted
with an inactive substance (see Japanese Patent Publication No. 9859/1959,
24403/1968 and 30688/1978, and Japanese Laid-open Patent Application No.
127013/1976), a process in which a catalyst for oxidation of propylene or
isobutylene and/or tert.-butyl alcohol is made ring-like (see Japanese
Patent Publication Nos. 36739/87 and 36740/1987), a proc- ess in which in
the oxidation reaction of propylene orisobutylene, two reaction zones are
provided in a reaction 30  pipe (see Japanese Laid-open Patent Application
No. 127013/1976), and a process in which in the oxidation of propylene, a
plurality of catalysts obtained by varying a composition (especially a type
and/or an amount of an alkali metal) and having various controlled
activities are filled dividedly along an axis of a reaction pipe in
the-order of a higher activity from a starting gas inlet side toward an
outlet side (see Japanese Patent Pub- lication No. 38331/1988). 35
However, in the process to dilute the catalyst with the inactive substance,
it takes much labor to uniformly mix the diluting inactive substance with
the catalyst and they cannot be altogether uniformly mixed, so that a hot
spot tends to occur. Besides, a position and a temperature of the hot spot
are different in the individual reaction pipes which is Inconvenient In the
operation of the reaction. Accordingly, said process is not said to be
satisfactory as a process to suppress the hot spot 40      The process to
control the activity of the catalyst by making it ring-like cannot be said
either as a sufficient process to control a hot spot under high load
reaction conditions, i.e. under conditions of a high concentration of a
starting material and a high space velocity. In the process to control the
activity of the catalyst by varying the type and/or the amount of the
alkali metal, the amount of the catalyst added is far smaller than those of
the other ingredients and the effect of the 45  catalyst added is great, so
that much care should be taken in preparing the catalyst. Moreover, in
reality, the activity of the catalyst does not become desirable by the
Influence of alkali metals and/or alkaline earth metals contained In larger
amounts of other starting materials. Upon solving the aforesaid problems,
In the prior art this invention aims to provide a process for producing
with good efficiency acrolein and acrylic acid from propylene, or
methacrolein and methacrylic acid from at 



50  least one compound selected from isobutylene, tert -butyl alcohol and
methyl-tert.-butyl ether. It is an object of this invention to provide a
process which can produce in high yields acrolein and acrylic acid, or
methacrolein and methacrylic acid by catalytically oxidizing propylene, or
at least one compound se- lected from isobutylene, tert.-butyl alcohol and
methyl-tert -butyl ether in a gaseous phase. Another object of this
invention is to provide a process in which when producing acrolein and
acrylic acid 55  from propylene, or methacrolein and methacrylic acid from
at least one compound selected from isobutylene, tert.-butyl alcohol and
methyl-tert.-butyl ether In a gaseous phase, accumulation of a heat in a
hot spot can be suppressed to improve yields of the unsaturated aldehydes
and the unsaturated acids and degradation of 2    EP 0 450 596 B1 the
catalyst can be prevented to use the catalyst stably for a long period of
time. Still anotherobjectof this invention is to provide a process in which
when catalytically oxidizing propylene or at least one compound selected
from isobutylene, tert.-butyl alcohol and methyl-terL-butyl ether in a gas-
eous phase, accumulation of a heat in a hot spot can be suppressed even
under high load reaction conditions, 5   and acrolein and acrylic acid, or
methacrolein and methacrylic acid can be produced with high productivity.
In the exothermic reaction such as the gaseous phase catalytic oxidation in
this invention, it has been hitherto considered that when a size of
catalysts used is increased, heat conduction between the catalysts is
prevented and a temperature of hot spots is rather raised. In accordance
with the present inventors research works, It has however been found that
when the size of the catalysts is increased, the temperature of the hot 10
spots Is lowered and that the object can be achieved when a plurality of
catalysts different in size (i.e. different in occupied volume) are
disposed in a reaction zone divided in plural portions along an axial
direction of a re- action pipe in the order of a smaller size from a
starting gas inlet side toward an outlet side. Thus, according to this
invention, there is provided a process for producing an unsaturated
aldehyde and an unsaturated acid by catalytically oxidizing propylene or at
least one compound selected from isobutylene, 15  tert.-butyl alcohol and
methyl-tert.-butyl ether In a gaseous phase with molecular oxygen or a
molecular oxy- gen-containing gas using a fixed bed multipipe reactor,
characterized In that (a) a plurality of composite oxides different in
occupied volume, represented by formula [err] wherein Mo denotes
molybdenum; W denotes tungsten; Bi denotes bismuth; Fe denotes iron; A
denotes 20      at least one element selected from cobalt and nickel; B
denotes at least one element selected from an alkali metal, an alkaline
earth metal and thallium; C denotes at least one element selected from
phos- phorus, tellurium, arsenic, boron, niobium, antimony, tin, lead,
manganese, cerium and zinc; D denotes at least one element selected from
silicon, alminum, titanium and zirconium; O denotes oxygen; a, b, c, d, e,
f, g, h and x denote numbers of atoms of Mo, W, Bi, Fe, A, B, C, D and O;
when a=2 to 12, b=0 to 10 25      and a+b=12, c=0.1 to 10, d=0.1 to 10, e=2
to 20, f= 0.005 to 3, g= 0 to4, h=0.5 to 30 and x=value determined by an
oxidized state of each element, are used as catalysts, (b) a plurality of
reaction zones are provided along an axial direction in each reaction pipe
of the fixed bed multipipe reactor, and 30     (c) the plurality of the
catalysts different in occupied volume are filled in the plurality of the
reaction zones such that the occupied volumes become lower from the
starting gas inlet side to the outlet side. The starting material used in
this invention is propylene or at least one compound selected from isobuty-
lene, tert.-butyl alcohol and methyl-tert.-butyl ether. That is, according
to one embodiment of this invention, acrolein and acrylic acid can be
produced by catalytically oxidizing propylene in a gaseous phase. According
35  to another embodiment of this invention, methacrolein and methacrylic
acid can be produced by catalytically oxidizing at least one compound
selected from isobutylene, tert.-butyl alcohol and methyl-tert.-butyl
ether. 



In this invention, the fixed bed multipipe reactor is used, and a plurality
of reaction zones (portions filled with catalysts, i.e. catalyst layers)
are provided along an axial direction in each reaction pipe. The larger the
number of the reaction zones, the better the results. About 2 to 5 reaction
zones are industrially sufficient. 40      Asuitable length ora suitable
length ratio of each reaction zone varies with a size of a catalyst being
filled; it may properly be determined to obtain an optimum yield as a
whole. An Inner diameter of each reaction pipe is about 15 to 40 mm. In
this invention, it is important that the plurality of the composite oxides
of formula (I) different in size, I.e. In occupied volume are prepared as
catalysts, and these catalysts are filled in the plurality of the reaction
45  zones such that the occupied volumes become lower from the starting gas
inlet side to the outlet side. The shape of the catalyst used In this
invention is not particularly limited and may be spherical, cylindrical
(pellet-like) or ring-like. The spherical shape is not necessarily round,
but may be substantially spherical. This holds true of the cylindrical or
ring-like shape. What this invention terms the "occupied volume means a
space in which each catalyst particle occupies 50  when the catalyst is
filled in the reaction zone. To be concrete, when the catalyst particle is
spherical, its oc- cupied volume (V) Is represented by the equation, V =
(4/3) x [err] x [err] wherein R (mm) is a diameter. Thus, In case of the
spherical catalyst, catalysts different In occupied volume can be prepared
by varying the 55   diameter (R). Especially, spherical catalysts prepared
by varying the diameter (R) within the range of 3 to 15 mm are preferably
used In this invention. In case of the cylindrical catalyst particle, its
occupied volume is represented by the equation, [err] 3    EP 0 450 596 B1
wherein R (mm) is a diameter, and L is a length. Thus, in case of the
cylindrical catalyst, catalysts different in occupied volume can be
prepared by varying the diameter (R) and/or the length (L). Especially,
cylindrical catalysts prepared by varying the diameter(R) and/or the length
(L) within the range of 3 to 15 mm are preferably used In this invention. 5
In case of the ring-like catalyst particle, its occupied volume is
represented by the equation, [err] wherein R' Is an outer diameter, and L'
(mm) Is a height of a ring. Thus, in case of the ring-like catalyst,
catalysts different In occupied volume can be prepared by varying the outer
diameter(R) andlorthe height (L') of the ring. Especially, ring-like
catalysts prepared by varying the outer 10 diameter (R') and/or the height
(L') of the ring within the range of 3 to 15 mm are preferably used in this
Invention. In the ring-like catalyst, the diameter (i.e. the inner
diameter) of the hollow portion does not influence the occupied volume and
can take any value. In the spherical, cylindrical or ring-like catalyst,
when the diameter (R), the outer diameter (R'), the length (L) and the ring
height (L') are less than 3 mm, the catalyst particles are too small and
the temperature of the 15    hot spot tends to rise. Meanwhile, when they
are more than 15 mm, the catalyst particles are too large to be filled in
the reaction pipe; even if selectivity is raised, conversion of the
starting material decreases and as a result, the yield of the final
compound is liable to decrease. By the way, the diameter (R), the outer
diameter (R'), the length (L) and the ring height (L') are average values
of a diameter, an outer diameter, a length and a ring height of catalyst
particles filled in each reaction 20  zone. Also, the occupied volume in
this invention is an average value of an occupied volume of catalyst
particles filled in each reaction zone. In this Invention, when filling the
plurality of the catalysts different in occupied volume in the plurality of



the reaction zones such that the occupied volumes become lower from the
starting material Inlet side toward the outlet side, it is especially
desirable from the aspect of preventing heat accumulation in the hot spot
that 25   a ratio of the occupied volumes in the two adjacent reaction
zones is within a specific range. For example, assuming that out of the two
adjacent reaction zones, the occupied volume of the reaction zone closer to
the starting gas inlet side Is made [err] and the occupied volume of the
reaction zone closer to the outlet side is made V2, it is advisable that
[err] is 1.2/I to 64/I. Usually, [err] Where [err] is lower than 1.2/1,
heat accumulation of the hot spot cannot be prevented enough. While it 30
is higher than 64/I, productivity has to be kept low for prevention of
occurrence of the hot spot in the reaction zone with the lower occupied
volume and of heat accumulation of the hot spot, and a pressure loss in the
re- action zone is great. In this invention, the compositions of the
plurality of the catalysts filled in the plurality of the reaction zones
may be the same or different within the range of formula (I). 35     In
this Invention, the shapes of the plurality of the catalysts filled in the
plurality of the catalyst zones may be the same or different. For instance,
when the number of the reaction zones is 2, the catalysts different in
shape can be used in combination, such as spherical and cylindrical
catalysts, spherical and ring-like catalysts or cylindrical and ring-like
catalysts. It is also possible that catalysts different in shape can be
used in com- bination in the same reaction zone, but it is usually
advisable that catalysts of the same shape are filled in the 40  same
reaction zone. In accordance with this invention, the plurality of the
catalysts comprising the composite oxides of formula (I) and having
different occupied volumes are filled in the plurality of the reaction
zones such that the occupied volumes become lower from the starting gas
Inlet side toward the outlet side, whereby occurrence of the hot spot or
heataccumulation in the hotspotcan besuppressed, reactivitycan be increased
atthe inlet side without 45  decreasing selectivity and the reaction can be
completed at the outlet side. Further, a pressure loss between the inlet
and the outlet of the reaction pipe can be decreased, making it possible to
achieve energy savings such as reduction of cost of an electric power in a
blower, etc. Still further, the hot spot Is dispersed and the temperature
of the hot spot is decreased, so that decrease in catalytic activity is
stopped and a so-called running cost can be reduced, as well as an effect
of prolonging 50  a catalyst life can also be provided. Usually, when the
molybdenum-containing catalyst is used in the reaction, the molybdenum
component is easily reduced and sublimed. The sublimation is easier to
occur at a higher temperature and a higher steam partial pressure in the
starting gas. Accordingly, the amount of molybdenum sublimed in or near the
hot spot is large, thereby greatly decreasing the catalytic activity. On
the other hand, in this invention, since the hot 55  spot is dispersed and
the temperature of the hot spot Is decreased, sublimation of the molybdenum
component is prevented, degradation of the catalyst is prevented and the
catalyst life is thus prolonged. The catalyst in this invention can be
prepared using a method and starting materials commonly employed for
preparation of this type of the catalyst. For example, a final catalyst can
be prepared by mixing compounds 4    EP 0 450 596 B1 containing respective
element components of formula (I), e.g. ammonium salts and nitric acid
salts either as such or in the form of an aqueous solution, well kneading
the mixture, drying it by heating, and burning the dried product at a
temperature of about 350 to [err] A molding method of the catalyst is not
limited in particular; extrusion molding or pelleting is available. In 5
a certain case, the composite oxide of formula (I) may be supported on an
inactive porous carrier as a catalytic component The inactive porous
carrier may be any inactive porous substance or any substance that can be
pulverized in porous state. Examples thereof are alpha-alumina, silicon
carbide, pumice, silica, zirconium oxide and titanium oxide. 



In this invention, the modes of the plurality of the catalysts filled in
the plurality of the reaction zones may 10    be the same ordiferent. For
example, when the number of the reaction zones is 2, a combination of a
molded catalyst and a supported catalyst can be used. The gaseous phase
catalytic oxidation reaction in this invention may be either an ordinary
once-through method or a recycling method, and can be carried out under
conditions generally used in this type of the re- action. For example, the
oxidation reaction is performed by introducing a gas mixture comprising 1
to 10 % 15  by volume of propylene or at least one compound selected from
isobutylene, tert. -butyl alcohol and methyl- tert -butyi ether, 3 to 20 %
by volume of molecular oxygen, 0 to 60 % by volume of steam and 20 to 80 %
by volume of an inert gas (nitrogen or a carbon dioxide gas) onto the
catalysts at a temperature of 250 to 4500C under pressure of atmospheric
pressure to 10 atm at a space velocity of 300 to 5,000 [err] (STP). In
accordance with this invention, occurrence of the hot spot or heat
accumulation of the hot spot can ef- 20  festively be suppressed even under
high load reaction conditions of elevating the concentration of the
starting material and increasing the space velocity, so that markedly good
results can be obtained in comparison to the ordinary processes.
Thefollowing effects can be brought forth by providing in sequence the
plurality of the catalysts comprising the composite oxides of formula (I)
and having different occupied volumes in the plurality of the reaction
zones 25  disposed in the reaction pipes along the pipe axial direction
such that the occupied volumes become lower from the starting gas inlet
side to the outlet side. (a) Occurrence of the hot spot or heat
accumulation in the hot spot can be suppressed. (b) An excessive oxidation
reaction in the hot spot is prevented, and the final unsaturated aldehydes
and unsaturated acids can be obtained with high selectivity in high yields.
30     (c) Degradation of the catalyst by a heat load is prevented, and the
catalyst can be stably used for a long period of time. (d) The final
unsaturated aldehydes and unsaturated acids can be produced under high load
reaction con- ditions of a high concentration of a starting material and a
high space velocity, making it possible to greatly increase reactivity. 35
(e) A pressure loss of a catalyst layer can be kept low. Consequently, the
process of this invention Is quite useful to produce the unsaturated
aldehydes and the unsaturated acids, i.e. acrolein and acrylic acid, or
methacrolein and methacrylic acid. The following Referential Examples,
Examples and Comparative Examples illustrate this invention more
specifically. 40      Conversion, selectivity, one-pass yield and a contact
time in this invention are defined as follows. Conversion (mol%) = Numberof
mols of reacted starting material x 100 Numberof mols of suppliedstarting
material Selectivity (mol%) = 45                Numberof mols of formed
unsaturated aldehyde and unsaturated acid x 100 Numberof mols of reacted
starting material Total yield (mol%) = Number of mols of formed unsaturated
aldehyde and unsaturated acid Number of mols of supplied starting material
x 100 50 55    EP 0 450 596 B1 Contact time (sec) Apparent volume of filled
catalyst 



(liter) Flow rate of staring gas                        x 3,600 (liter/hr)*
[err] 10 REFERENTIAL EXAMPLE 1 [Production of a catalyst] 15     While
heating 4,500 ml of a distilled water with stirring, 2,124 g of ammonium
molybdate and 648 g of ammonium paratungstate were dissolved therein to
obtain an aqueous solution (A). Separately, 1,400 g of cobalt nitrate was
dissolved in 500 ml of a distilled water to form an aqueous solution (B),
486 g of ferric nitrate was dissolved in 400 ml of a distilled water to
form an aqueous solution (C), and 584 g of bismuth nitrate was dissolved in
600 ml of a distilled water acidified with 120 ml of conc. nitric acid 20
to form an aqueous solution (D). The aqueous solutions (B), (C) and (D)
were mixed, and the mixed solution was added dropwise to the aqueous
solution (A) while vigorously stirring the aqueous solution (A). Succes-
sively, an aqueous solution obtained by dissolving 542 g of a silica sol
containing 20 % by weight of silicon dioxide and 4.04 g of potassium
hydroxide In 200 ml of a distilled water was added thereto. The formed
suspension was evaporated to dryness while heating it with stirring, and
the resulting product 25  was pulverized and sieved to obtain a powder
having a particle diameter of about 150 micrometers. Then, granulation was
performed in accordance with a centrifugal flow-coating method described in
Jap- anese Laid-open Patent Application No. 85139/1989 (see Example I-I-I
thereof). That is, alpha-alumina sphe- rical particles having an average
diameter of 1 mm were charged in a centrifugal flow-coating device. Sub-
sequehtly, using part of the above powderand a distilled wateras a binder,
spherical particles having an aver- so  age diameter of 5 mm were formed
through hot air of [err] After the particles were dried overnight at [err]
the dried particles were burned at 450C for 6 hours under passage of air to
obtain a catalyst (1). Said catalyst had the following composition (at an
atomic ratio except oxygen). [err] Part of the above powder was molded with
an average diameter of 8 mm In the same way as above, and 35  then burned
to obtain a catalyst (2). The sizes and the occupied volumes of the
catalysts (1) and (2) are shown in Table 4 along with those of catalysts
(3) to (17) to be described later. [Oxidation reaction] 40 A stainless
steel (SUS-304) reaction pipe having an average diameter of 25 mm and
fitted with a jacket forcirculating a molten salt as a heating medium and a
thermocouple for measuring a temperature of a catalyst layer was filled
with 1,300 ml of the catalyst (2). While keeping the temperature of the
molten salt at [err] a gas mixture comprising 6 % by volume of propylene,
10.2 % by volume of oxygen, 5 % by volume of steam 46  and 78.8 % by volume
of nitrogen was passed for a contact time of 2.2 seconds to conduct the
reaction. Apressure loss of the catalyst layerduring the reaction, a
temperature of a hot spot and a yield were found, and the results are shown
In Table 1. REFERENTIAL EXAMPLE 2 50 Referential Example 1 was repeated
except that a gas mixture comprising 9 % by volume of propylene, 15 % by
volume of oxygen, 10 % by volume of steam and 66 % by volume of nitrogen
was used as a starting gas. The results are shown In Table 1. 55
REFERENTIAL EXAMPLE 3 Referential Example 1 was repeated except that the
catalyst (1) was used instead of the catalyst (2) and the reaction
temperature was changed into [err] The results are shown in Table 1. B  



EP 0 450 596 B1 REFERENTIAL EXAMPLE 4 Referential Example 2 was repeated
except that the catalyst (1) was used instead of the catalyt (2) and the
reaction temperature was changed Into [err] The results are shown in Table
1. REFERENTIAL EXAMPLE 5 Referential Example 1 was repeated except that the
catalyst (1) was used instead of the catalyst (2), the reaction temperature
was changed into [err] and a gas mixture comprising 7 % by volume of
isobutylene, 10  13.2 % by volume of oxygen, 10 % by volume of steam and
69.8 % by volume of nitrogen was used as a starting gas. The results are
shown in Table 1. The temperature of the hot spot became quite high. Even
when the reaction temperature was lowered to [err] the temperature of the
hot spot was gradually elevated and the reaction was hardly conducted. More
over, in case of the catalyt (2), the concentration of isobutylene was
raised to increase productivity. Then, the 15  reaction could not continue.
EXAMPLE 1 The starting gas outlet portion of the same reactor as used in
Referential Example 1 was filled with 650 20  ml of the catalyst (1) having
the average diameter of 5 mm, while the Inlet portion was filled with 650
ml of the catalyst (2) having the average diameter of 8 mm. The temperature
of the molten salt was set at [err] Agas mixture comprising 9 % by volume
of propylene, 15 % by volume of oxygen, 10 % by volume of steam and 66 % by
volume of nitrogen was introduced for a contact time of 2.2 seconds, and
the reaction was carried out. The results are shown in Table 2. 25
From the results of Table 2, it follows that the temperature of the hot
spot is kept low even with the high concentration of the starting material,
the selectivity Is good and the pressure loss of the catalyst layer is ren-
dered low. COMPARATIVE EXAMPLE 1 30 Example 1 was repeated except that the
starting gas inlet portion of the reaction pipe was filled with a mixture
of the catalyst (1) and alumina balls each having a diameter of 5 mm at a
volume ratio of about 2:1. The results are shown in Table 2. From the
results of Table 2, It becomes apparent that the temperature of the hot
spot is quite high at the 35  upstream side, the pressure loss is great and
the selectivity is low. EXAMPLE 2 Example 1 was repeated
exceptthatthecontact time was changed into 1.6seconds. The results are
shown 40  in Table 2. From the results of Table 2, it can be understood
that even when the space velocity Is raised to improve productivity, the
object of this invention can be achieved. EXAMPLE 3 45 A catalyst (3) was
prepared in the same way as in Referential Example 1 except that the
resulting powder was pelletized to form cylindrical pellets each having a
diameter of 5 mm and a height of 5 mm and the pellets were burned [err]
hours under an atmosphere of air. Likewise, a catalyst (4) was prepared by
forming cylindrical pellets each having a diameter of 6 mm and a height of
6 mm and burning the pellets at [err] for 50  6 hours; also, a catalyst (5)
was prepared by forming cylindrical pellets each having a diameter of 8 mm
and a height of 8 mm and burning the pellets at [err] for 6 hours under an
atmosphere of air. The same reaction pipe as used in Example 1 except that
the diameter of the pipe was 30 mm was filled with 500 ml of the catalyst
(5), 450 ml of the catalyst (4) and 900 ml of the catalyst (3) in this
order from the starting gas inlet side toward the outlet side. 55
Then, the reaction was conducted as in Example 1. The results are shown in
Table 2. 



7    EP 0 460 596 B1 EXAMPLE 4 A catalyst (6) was prepared as in
Referential Example 1 except that the resulting powder was pelletized to
form cylindrical pellets each having an average diameter of 6 mm and an
average height of 6 mm, and the 5   pellets were burned at [err] for 6
hours under an atmosphere of air. Likewise, a catalyst (7) was prepared by
forming cylindrical pellets each having a diameter of 8 mm and an average
height of 8 mm and burning the pellets at [err] for 6 hours in an
atmosphere of air  a catalyst (8) was prepared by forming cylindrical
pellets each having an average diameter of 10 mm and an average height of
10 mm and burning the pellets at [err] for 6 hours under an atmosphere of
air. 10     Astainless steel (SUS-304) reaction pipe (an inner diameter of
38 mm) provided in its axis with a thermo- couple and dipped in a bath of a
molten salt was filled with 700 ml of the catalyst (8), 700 ml of the
catalyst (7), 500 ml of the catalyst (6) and 1,100 ml of the catalyst (3)
in this order from the starting gas inlet side to the outlet side. Into the
reaction pipe, a gas mixture comprising 8 % by volume of propylene, 14 % by
volume of oxygen, 10 % by volume of steam and 68 % by volume of nitrogen
and an inert gas was introduced for a 15  contact time of 2.4 seconds, and
the reaction was performed. The results are shown in Table 2. COMPARATIVE
EXAMPLE 2 The reaction was run in the same way as In Example 4 except that
a catalyst layer composed only of 3,000 20  ml of the catalyst (7) was used
in place of the catalyst layer composed of the four catalysts (8), (7), (6)
and (3). The results are shown in Table 2. From the results of Table 2, It
was found that compared with Example 4, the position in which to show the
maximum hot spot temperature is shifted to the reaction gas inlet side, the
temperature ofthe hotspot becomes as high as [err] and the conversion and
the total one-pass yield of acrylic acid and acrolein are decreased. 25
EXAMPLE 5 A catalyst (11) having an average diameter of 6 mm and a catalyst
(12) having an average diameter of 7 mm were prepared as in Referential
Example 1 exceptthatthe resulting powderwasformed to haves spherical 30
shape. Then, the reaction was conducted as in Example 1 exceptthatthe
catalysts (11) and (12) were used instead of the catalysts (1) and (2). The
results are shown in Table 2. From the results of Table 2, it follows that
even when the reaction temperature is higher than in Example 1, the good
yields are obtained. 35 COMPARATIVE EXAMPLE 3 The reaction was run as in
Example 5 except that 1,300 ml of the catalyst (12) alone was filled. As a
result, at the reaction temperature of [err] the conversion of propylene
was 93.4 mol%, the total one-pass yield of 40  acrolein and acrylic acid
88.7 mol%, and the hot spot temperature [err] respectively. COMPARATIVE
EXAMPLE 4 The reaction was conducted as in Example 5 exceptthat 1,300 of
the catalyst (11) alone was filled. Though 45  the reaction temperature was
lowered to [err] the hot spot temperature was raised, and the reaction
could not continue. EXAMPLE 6 50     The reaction pipe having an inner
diameter of 25 mm was filled with 300 ml of the catalyst (2) in Example 1,
300 ml of the catalyst (11) in Example 5 and 600 ml of the catalyst (1) in
Example 1 in this order from the starting gas inlet side toward the outlet
side. The reaction was run as in Example 1 except that the molten salt
temperature was changed Into [err] 



The results are shown in Table 2. 55      From the results of Table 2, It
follows that the good results are obtained by increasing the number of the
reaction zones. 8    EP 0 450 596 B1 EXAMPLE 7 A catalyst (13) having an
average diameter of 5 mm was prepared as in Referential Example 1 except
that the amountof cobalt nitrate was changed, cesium nitrate was used
instead of potassium hydroxide and burning 5   was conducted at 500C for 6
hours while passing an air stream. The catalyst (13) had the following
compo- sition (at an atomic ratio except oxygen). [err] Moreover, a catlyst
(14) was prepared as in Referential Example 1 except that the same powder
as above was formed to have an average diameter of 8 mm and burning was
then conducted at [err] for 6 hours. 10     The same reactoras used in
Example 1 was filled in the starting gas inlet portion with 750 ml of the
catalyst (14) and in the outlet portion with 750 ml of the catalyst (13).
Agas mixture comprising 7 % by volume of iso- butylene, 15 % by volume of
oxygen, 10 % by volume of steam and 68 % by volume of nitrogen was
Introduced ata molten salt temperature of 3500C fora contacttime of 2.2
seconds was introduced therein, and the reaction was carried out. The
results are shown in Table 3. 15 COMPARATIVE EXAMPLE 5 The reaction was
conducted as In Example 7 except that 1,500 ml of the catalyst (13) alone
was filled. Then, a violent reaction occurred in the catalyst layer. 20
COMPARATIVE EXAMPLE 6 The reaction was conducted as in Example 7 except
that 750 ml of a mixture comprising the catalyst (13) and a porcelain
Raschig ring having an average diameter of 5 mm and an average length of 5
mm at a volume 25  ratio of 2:1 was filled In the starting gas inlet
portion and the catalyst (13) was filled in the outlet portion. The results
are shown in Table 3. EXAMPLE 8 30      A catalyst (15) was prepared as in
Example 3 like the catalyst (5) except that the resulting powder was
pelletized to form ring-like pellets each having an outer diameter of 8 mm,
a ring length of 8 mm and a wall thickness of 3 mm (an inner diameter of 2
mm). The reaction was run as in Example 3 except that the catalyst (15) was
used Instead of the catalyst (5). The results are shown in Table 2. 35
EXAMPLE 9 A powder was formed as in Referential Example 1 except that the
amount of cobalt nitrate was changed, nickel nitrate was added, rubidium
nitrate and barium nitrate were used Instead of potassium hydroxide and 40
cerium oxide was added at the last stage of preparing a slurry. This powder
was formed into spheres each having a diameter of 8 mm and a diameter of 5
mm. There resulted catalysts (16) and (17). These catalysts were burned at
[err] for 7 hours while passing air. The two catalysts had the following
compositions (at an atomic ratio except oxygen). [err] 45
[err] The reaction was carried out as in Example 1 except that the catalyst
(16) was used instead of the catalyst (2) and the catalyst (17) instead of
the catalyst (1) respectively. The results are shown In Table 2. 
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410 5D 50 55    EP 0 450 596 B1 Table 4 Catalyst    Shape              Size
(mm)       Occupied Catalyst   Shape(mm)  me 5             No.
R     L     L'    [err] (1)      spherical         5     -     -
65.45 10             (2)       spherical        8     -     -      268.05
(3)      cylindrical    5        5     -       98.17 



(4)      cylindrical    6        6     -     169.65 15 (5)      cylindrical
8        8     -     402.12 (6)      cylindrical             6     -
169.65 20              (7)      cylindrical    8        8            402.12
(8)      cylindrical  10    10               785.40 (11)      spherical
6     -     -      113.10 25 (12)       spherical        7      -    -
179.59 (13)       spherical        5     -     -       65.45 30
(14)       spherical         8     -     -      268.08 (15)      ring-like
8*    -     8      402.12 (16)      spherical         8     -     -
268.08 35 (17)      spherical         5     -     -       65.45 40
R:  average diameter L: average length L': average ring height 45 *:
average outer diameter (R') EXAMPLES 10-1 to 10-8 and COMPARATIVE EXAMPLES
A to P 50     Various catalysts were prepared as in Referential Example 1
except that the composition was changed as shown in Table 5-1. Each of the
catalysts was filled in a reaction pipe in either a double layer (Examples
10-1 to 10-8) or a single layer (Comparative Examples A to P), and the
reaction was run as in Example 1. The results are shown in Table 5-2. 55 16
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In   ( 40~~~~~~~~4 00~~~~~~~~~~~C 0~~~~~2    EP 0 450 596 B1 Claims 1. In a
process for producing an unsaturated aldehyde or an unsaturated acid by
catalytically oxidizing pro- pylene or at least one compound selected from
isobutylene, tert.-butyl alcohol and methyl-tert.-butylether 5       in a
gaseous phase with molecular oxygen or a molecular oxygen-containing gas
using a fixed bed mul- tipipe reactor, characterized in that (a) a
plurality of composite oxides different in occupied volume, represented by
formula [err] wherein Mo denotes molybdenum; W denotes tungsten; Bi denotes
bismuth; Fe denotes iron; A denotes 10        at least one element selected
from cobalt and nickel; B denotes at least one element selected from an
alkali metal, an alkaline earth metal and thallium; C denotes at least one
element selected from phos- phorus, tellurium, arsenic, boron, niobium,
antimony, tin, lead, manganese, cerium and zinc; D denotes at least one
element selected from silicon, alminum, titanium and zirconium; O denotes
oxygen; a, b, c, d, e, f, g, h and x denote numbers of atoms of Mo, W, Bi,
Fe, A, B, C, D and O; when a=2 to 12, b=0 15        to 10 and a+b=12, c=0.1
to 10, d=0.1 to 10, e=2 to 20, f=0.005 to 3, g=0 to 4, h=0.5 to 30 and
x=value determined by an oxidized state of each element, 



are used as catalysts, (b) a plurality of reaction zones are provided along
an axial direction in each reaction pipe of the fixed bed multipipe
reactor, and 20        (c) the plurality of the catalysts different In
occupied volume are filled in the plurality of the reaction zones such that
the occupied volumes become lower from the starting gas inlet side to the
outlet side. 2.  The process of claim 1 wherein propylene was catalytically
oxidized in a gaseous phase to produce ac- rolein and acrylic acid. 25 3.
The process of claim 1 wherein at least one compound selected from
isobutylene, tert.-butyl alcohol and methyl-tert-butyl ether is
catalytically oxidized in a gaseous phase to produce methacrolein or metha-
crylic acid. 30 Patentansprfche 1. Verfahren zur Herstellung eines
ungesittigten Aldehyds oder einer ungesittigten Saure durch katalyti- ache
Oxidation von Propylen oder mindestens einer Verbindung, ausgewihit aus
Isobutylen, tert.- S5      Butylalkohol und Methyl-trt.-butylether, in
einer Gasphase mit molekularem Sauerstoff oder einem mo- lekularen
Sauerstoff enthaltenden Gas unterVerwendung eines
Mehrr8hren-Festbettreaktors, dadurch gekenonzichnot, da i man (a) elne
Vielzahl an zusammengesetzten, in dem beanspruchten Volumen
unterachiedlichen Oxiden der Formel 0
Mo.WbBioFecAeBtCgDhOx     (I) worin Mo far Molybdan steht, W fur Wolfram
steht, BI far Wismuth steht, Fe far Eisen steht, Afar min- destens ein
Element, ausgewahit aus Cobalt und Nickel, steht, B fir mindestens ein
Element ausge- wihit aus elnem Alkalimetall, elnem Erdalkalimetall und
Thallium, steht, C farmindestens ein Element, ausgewahit aus Phosphor,
Tellur, Arsen, Bor, Niob, Antimon, Zinn, Biel, Mangan, Cer und Zink, steht,
45         D fir mindestens ein Element, ausgewahItaus Silicium, Aluminium,
Titan und Zircon, steht, 0 fir Sau- erstoffsteht, a, b, c, d, e, f, g, h
und x furZahlen von Atomen von Mo, W, Bi, Fe, A, B, C, D und 0 stshen; wenn
a=2 bis 12, b=0 bis 10 und amb=12, c=0,1 bis 10, d=0,1 bis 10, e=2 bis 20,
f=0,005 bis 3, g=0 bis 4, h=0,5 bis 30 und x=Wert, der durch den
Oxidationsgrad jedes Elements bestimmt Ist als Katalysa- toren verwendet,
50        (b) eine Vielzahl an Reaktionszonen entlang der Achsenrichtung in
jeder Reaktionsrohre des Mehr- rohren-Festbettreaktors vorsieht, und (c)
die Vlelzahl der in dem beanspruchten Volumen unterschiedlichen
Katalysatoren In die Vielzahl der Reaktionszonen einffllt, so daB die
beanspruchten Vdoumina von der Einlasseite des als Ausgangs- material
verwendeten Gases zur AuslaBseite hin kWeiner werden. 2.  Verfahren nach
Anspruch 1, dadurch gokennzolchnet, daB man Propylen in einer Gasphase zur
Her- stellung von Acrolein und Acrylsaure katalytisch oxidiert. 21    : * c
L   M   S* 3. Vorfahren nach Anspruch 1, dadurch gokennzslchnst, dali man
mindestens Bine Verbindung, ausge- wahit aus Isobutylen, tert.-Butylalkohol
und Methyl-tert.-butyiether in einor Gasphase zur Herstellung von
Methacrolein odor Methacrylsaure katalytisch oxidiert. 5 Revendlcatlons 1.
Dana un procedt pour la production d'un aldehyde insaturt ou d'un acide
insaturt par oxydation cataly- tique en phase gazeuse du propylene ou d'au
moins un compost cholst parmi l'isobutyline, I'alcool fort- 



10      butylique et l'tther de fert-butyle et de methyie par l'oxygene
moleculaire ou un gaz contenant de i'oxy- gine moltculalre en utilisant un
reacteur multitubulaire A lit fixe, caracterist en ce quo (a) plusieurs
oxydes mixes qul difffirent par le volume occupe, representts par la
formule MoaWbBiOFedABtggDho,    (I) ob Mo represente le molybdy ne ; W
represent le tungstene ; BI represento le bismuth ; Fe represente 15
le for; A represente au moins un titment choisi parmi le cobalt et le
nickel ; B represente au moins un element choisi parmi les metaux alcalins,
les metaux alcalino-torreux et le thallium; C represente au moins un
eiement choisi parmi le phosphors, Is tollure, I'arsenic, le bore, le
niobium, I'antimoine, I'etain, le plomb, le manganese, le cedum et le zinc;
D representb au moins un titment choisi parmi le silicium, I'aluminium, le
titane et le zirconium ; 0 representb l'oxygene ; a, b, c, d, e, f, g, h et
x reprtsentent les 20      nombresd'atomesdeMo, W, Bi, Fe,A, B, C, DetO;
oba=2t 12, b=OA  0eta+ b= 12, c=0, A 10, d = 0,1 A 10, . = 2 A 20, f =
0,005 A 3, g = 0  4, h = 0,5 A 30 etx = valeur determinte par I'tat
d'oxydation de chaque eiement, sont utilists comme catalyseurs, (b)
plusleurs zones reactionnolles sont agencees suivant la direction axiale
dans chaque tube de rtao- 25        tion du reacteur multitubulaire t lit
fixe, et (c) les differents catalyseurs qul different par le volume occupt
sont placts dans les differentbs zones reactionnelles do tell. sorte quo
les volumes occupes dtcroissent depuis le c6tt d'entret du gaz de dtpart
jusqu'au cott de sortie. 30  2.  Proctdt de la revendication 1, dans lequel
du propylene est oxyde catalytiquement en phase gazeuse pour produire de
'acrodtine et de l'acde acrylique. 3.  Proctdt de la revendication 1, dans
Isquel au moins un compost cholsi parmi l'isobutylene, I'alcool fert-
butylique etl'etherde fert-butyle et de methyie est oxydt catalytiquement
en phase gazeuse pour produire 35      de la methacroltine ou de l'acide
mtthacryiique. 40 45 50 55 22    


